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SUMMARY 
In February 1990, Murdoch University was commissioned to monitor 
fluoride, sulphur dioxide and nitrogen oxides at Middle Swan Primary 
School and Swan District Hospital, and report the results to the 
Environmental Protection Authority. 
Monitoring for fluoride was conducted at four sites at Middle Swan 
Primary School and one site at the Swan District Hospital from 24 
February 1990 to 19 March 1990. Monitoring for sulphur dioxide and 
nitrogen dioxides was conducted at Middle Swan Primary School. The 
data collected from 9 March to 30 March 1990 are reported. 
The results show that the concentrations of these air pollutants have a 
highly irregular pattern. Very brief, localised exposures occur. High 
concentrations of fluoride were measured predominantly to the west of 
the school buildings and at the Swan District Hospital. The peak 
fluoride concentrations measured at the school recorded over expo~ure 
perioc'.s of a number of hours exceeded international standards for the 
protection of the environment. Although no community exposure 
standards exist, these peaks are below stand<1rds set to protect the health 
of industrial workers. However,it must be considered that the averaging 
time for these concentrations was long so that it is possible that brief, 
high peak concentrations are hidden by being averaged with long 
periods with negligible concentrations. In addition, there is close 
similarity between the symptoms of fluoride exposure reported in the 
3 
literature (irritation of the face, nose and eyes, redness of the skin) and 
the symptoms reported by staff, students and others in the Middle Swan 
area, although each of these symptoms can be caused by other illnesses. 
The fluoride data suggest that the location of the sulphur dioxide and 
nitrogen oxide analysers at the eastern side of the school main building 
may not have picked up the highest concentrations, or the highest 
frequency of expo.sures, which appear to occur to the west of the school's 
main building, near the oval and Swan District Hospital. However, the 
peak nitrogen dioxide concentration would have been immediately 
detectable as a sharp, acidic, stinging odour by most people, although it 
would not have caused health damage. 
The peak sulphur dioxide levels were below levels which can be 
perceived by odour or irritation, and below guidelines to protect human 
health. 
A Murdoch University research technician working on this project 
experienced eye, nose and throat irritation at Middle Swan Primary 
School which he attributed to brickworks emissions. In the case of the 
incident on 6 March 1990, airborne dark particulate matter containing 
quartz, carbon, calcite and other particulates was collected on filter 
papers and the wind monitors show that the wind was in direct 
alignment with the brickworks. 
It is concluded that hydrogen fluoride, sulphur dioxide, nitrogen oxides 
and particulate air pollutants are present at Middle Swan Primary 
L 
4 
School and Swan District Hospital. During this brief monitoring period, 
an instrument measured nitrogen dioxide concentrations high enough 
to be immediately perceived by smell. A research technician working on 
this monitoring was temporarily affected by emissions, with irritation of 
the eyes, nose and throat. The irritation and some other symptoms 
exhibited by some people in the area are likely to be the response to 
exposure to multiple acid gases. The thresholds and the health effect3 of 
combinations of these pollutants are not known. 
INTRODUCTION 
At various times during 1988 and early 1989 some students and staff of 
Middle Swan Primary School complained about eye, nose, throat and 
skin irritation, nose bleeds and burnt lips. A number of government 
agencies including EPA, Department of Health and the Department of 
Occupational Health Safety and Welfare conducted investigations into 
the problem, and a consultant reviewed these investigations concluding 
that an airborne irritant was causing or contributing to the symptoms, 
although the irritant and its source could not be identified (Australian 
Groundwater Consultants, 1989). 
An area of bushland within the school site was severely damaged by 
fluoride and this has been associated with releases of unscrubbed kiln 
gases and lime used for scrubbing at the adjacent brickworks (Australian 
Groundwater Consultants, 1989). 
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Murdoch University was commissioned in May 1989 to monitor 
hydrogen fluoride, sulphur dioxide and nitrogen oxides for two weeks at 
Middle Swan Primary School and Swan District Hospital. This study 
found there was an uneven distribution of emissions at ground level at 
both the school and the hospital, with localised and brief peak 
concentrations. The source of the emissions appeared to be the Midland 
Brick plant. While fluoride concentrations at the school and hospital 
exceeded standards and guidelines for environmental protection, they 
were considered unlikely to be solely responsible for the irritation aYld 
other symptoms experienced by staff and students, althougt, interactions 
between the pollutants are known to intensify effects (Murray, 1989). 
The students and staff of Middle Swan Primary School were relocated 
during 1989 to other premises, but returned to Middle S·wan Primary 
School for first term 1990. 
Following the re-opening of the school commencing first term 1990, 
some staff and students again reported irritation and other symptoms of 
air pollution. Murdoch University was commissioned to repeat the air 
monitoring. The brief was to monitor fluoride, sulph·,;r dioxide and 
nitrogen oxides in the atrnos:::-here at Middle Swan Primary School and 
Swan District Hospital at the ~arne sites and in the same way as in 1989 
and report these results to the EPA. 
This report summarises the results of this monitoring. 
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METHODS 
The sulphur dioxide and nitrogen oxide analysers were located within 
the school, sampling air from above the roof. Four fluoride analysers 
were located around the school grounds, and one at the Swan District 
Hospital. The location of monitoring sites is shown in Figure 1. 
Information on windspeed and direction was provided by the EPA from 
measurements at Middle Swan Primary School. Monitoring 
comrnenced on 24 February 1990. Fluoride monitoring was terminated 
on 19 March. As initial problems affecting the calibration of the sulphur 
dioxide and nitrogen oxide analysers resulted in the data they produced 
from 24 February to 9 March being imprecise, the data for sulphur 
dioxide and nitrogen oxides from 9 March to 30 March are reported. 
The methods of analysis are detailed in Appendix 1. 
FLUORIDE 
Fluoride concentrations in air at the five sites are shown in Appendix 2 
and Figure 2. Peak fluoride concentrations are summarised in Table 1. 
Guidelines for maximum fluoride concentrations in ambient air are 
shown in Table 2. The units of measurement of fluoride are 
micrograms (millionths of a gram) cf hydrogen fluoride in a cubic metre 



















































































































































































































































































































































































































































































































































































































































































































































































































TABLE 1: Peak Hydrogen Fluoride Concentrations (HF > 1.00 J.Lg m3 ) 
Site No. Date Time-Start Time-Finish Duration Gaseous Particulate Total 
l(hr:min) ifhr:minl l(hr:min) i(uqHFim3j I(J.LgHFim3 ) i(J.L~HF1m3 ) 
1 28-Feb 13:30 15:40 2:1 0 1. 1 9 0.00 1 . 1 9 
1 9- Mar 8:00 12:00 4:00 2.36 0.00 2.36 
2 28-Feb 7:40 1 3:41 6:01 1. 49 0.00 1 .49 
21113-1213 16:40 1 6:1 0 23:30 2.09 0.00 2.09 
3 27-Feb 13 :OS 14:40 1 :35 6.82 not available not available 
3 27 -Feb 14:40 1 6:45 2:05 1. 43 0.25 1. 68 
3 2712-2812 1 6:45 8:1 0 1 5:25 4. 02 0.11 4.13 
3 28-Feb 8:1 0 1 4:1 4 6:04 4.50 0.00 4.50 
3 28-Feb 1 4:1 4 1 6:1 5 2:01 8. 78 0.00 8.78 
3 2812-113 1 6:1 5 8:00 1 5:4 5 6.1 9 () 0 0 6.1 9 
3113-?.13 15:20 7:20 1 6:0 0 1. 22 0.00 1 .22 
3 5 I 3 '. 6 I 3 1 6:1 9 7:50 15:31 2. 55 0.00 2.55 
3 6- Mar 7:50 1 0:4 7 2:57 1. 34 0.00 1 .34 
3613-//3 1 6:51 7:50 1 4:59 2.91 0.00 2.91 
3 9-Mar 8:40 12:40 4:00 1. 97 0.00 1. 97 
3 10-Mar 7:40 1 6:41 9:01 2.31 0.00 ?.31 
311/3-1213 17:1 0 1 6:41 23:31 2.55 0.00 2.55 
31213-1313 1 6:41 8:40 1 \:59 1. 03 0.00 1 .03 
3 1 8-Mar 8:00 15:55 7:55 1.45 0.00 1 .45 
4 2712-2812 16:35 8:00 1 5:25 2.62 0.06 2.68 
4 2812-113 16:05 8:1 0 1 6:05 1. 72 0.00 1. 72 
5 27 -Feb 7:25 1 2:45 5:20 1. 07 0.05 1 . 1 2 
5 2712-2812 16:25 7:50 1 5:25 2. 68 0.03 2. 71 
5 28-Feb 7:50 1 3:05 5:1 5 7.41 0.00 7.41 
5 28-Feb 13:05 1 6:00 2:55 1. 09 0.00 1. 09 
5 913-1013 15:21 7:21 1 6:0 0 1. 20 0.00 1.20 




















































































































































































































































































































































































































































































































































The peak concentrations of hydrogen fluoride were 
• 8.78 !lg m-3 averaged for 2 hours, 
• 7.41 !lg m-3 averaged for 5.25 hours, 
• 6.82 !lg m-3 averaged for 1.58 hours ,and 
• 6.19 !lg m-3 averaged for 15.75 hours. 
Due to the relatively long averaging times of the above concentrations, 
wind direction data are not relevant in the interpretation of these peaks. 
Averaged within these concentrations much higher peaks are likely , as 
emissions are brought to ground at a particular site infrequently and 
briefly at sites so near emission sources. This is consistent with the 
experience of the research technician working on this project who 
experienced very brief and localised exposures to irritants. It is 
theoretically possible for 6.19 !J.g m-3 of fluoride averaged for 15.75 hours 
to consist of 1170 ).l.g m-3 for 5 minutes or higher concentrations for 
shorter periods, if for the rest of the time the fluoride concentrations in 
air were negligible. The maximum theoretical concentration would 
occur if the emissions were brought to ground level with minimal 
dilution, in this case .:oncentrations would lie within the range 10,000-
120,000 ).l.g m-3, these being the concentrations measured in the stack 
gases. In practice, considerable dilution always occurs, but high 
concentrations for brief periods can occur under certain weather 
conditions involving plume downwash and looping near an emissions 
source. 
The results for the peak fluoride concentrations in air (Table 1) show 
that the fluoride was present in gaseous form, with negligible amounts 
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of fluoride particulates. They also show that the distribution of fluoride 
in air was highly localised. The peak hydrogen fluoride concentrations 
predominantly occurred at site 3. or 26 occasions where fluoride 
concentrations exceeded 1Jlg m-3 , 15 occurred at site 3, five occurred at 
site 5, with only two each at sites 1, 2 and 4. Of peaks exceeding 3Jlg m-3, 
five occurred at site 3, one at site 5 and none at the remaining sites. 
Hydrogen fluoride is immediately irritating to the mucous membranes 
at 4500 Jlg m-3 and the 15 minute U.S. National Institute for 
Occupational Safety and Health ceiling is 5000 Jlg m-3. To prevent 
primary irritation, the Australian National Occupational Health and 
Safety Commission have established a peak limitation exposure 
standard for hydrogen fluoride. This specifies that HF must be less than 
2500 Jlg m-3 for the shortest analytically practical period of time, not 
exceeding 15 minutes. Hydrogen fluoride is reported as having a strong, 
irritating, pungent odour which is perceptible by smell at about 4000 Jlg 
m -3. It is reported that overexposure is certain if the odour can be 
dete:--ted by smell (Genium, 1987). Experiments conducted with 
hydrogen fluoride on human subjects are few and there are few data 
available to determine a "safe" level of hydrogen fluoride. Largent 
(1961) exposed five human subjects to hydrogen fluoride in an 
inhalation chamber w levels which ranged from 740 to 9900 Jlg m-3. 
Although no systemic effects could be determined, each of the five 
subjects experienced slight irritation of the face, nose and eyes. 
Hydrogen fluoride was reported to cause a distasteful sourness in the 
mouth. Concentrations of 2800 Jlg m-3 for six hours caused redness of 
the skin each day of exposure, culminating in symptoms resembling 
L 
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mild sunburn. One patient had an upper respiratory cold and during 
this period burning in the nose produced by hydrogen fluoride was the 
source of considerable discomfort (Largent, 1961). 
Welders exposed at 400-700 IJ.g m-3 of "fluorine" and workers engaged 
in etching, using HF, complained of nosebleeds (US Department of 
Health, Education and Welfare, 1976). 
There is a resemblance between the symptoms reported by staff and 
students at Middle Swan Primary School (eye, nose, throat and skin 
irritation, burnt lips and nose bleeds) and the symptoms of fluoride 
exposure reported above. However, these symptoms are also associated 
with other ailments and are not by themselves diagnostic of tluoride 
exposure. 
NITROGEN DIOXIDE 
The major sources of nitrogen oxides are from the combustion of fossil 
fuels (coal, oil, gas etc) and from motor vehicle exhausts. The emission 
usually occurs as nitric oxide (NO) which is oxidised in air to nitrogen 
dioxide (N02). Nitrogen dioxide is usually considered to be more toxic 
than nitric oxide. Studies of the odour threshold have shown that many 
people can immediately detect the odour of nitrogen dioxide at 
concentrations of about 11 and 12 pphm (parts per hundred million) 
(World Health Organization, 1977). There are conflicting reports on 
other human responses to nitrogen dioxide exposures in the range 10 to 
45 pphm. The lowest concentration shown to affect lung function at 
14 
more than one laboratory was 30 pphm. A number of effects have been 
observed in controlled human studies at 10 to 15 pphm, but although 
these were not statistically significant these findings were considered 
important enough to be included in the review of the subject by the 
World Health Organisation (1987). 
The results obtained at the Middle Swan Primary School building 
(Tables 3 and 4 and Appendix 2) show the peak nitrogen dioxide 
concentration during the three week measurement period was 11 pphm. 
The World Health Organisation (1977) suggests that many people would 
be able to smell this nitrogen dioxide concentration. Nitrogen dioxide is 
reported to have a sharp, acidic, stinging, suffocating odour (World 
Health Organisation, 1977). The fluoride measurement data suggest that 
if nitrogen dioxide is from the same source, it may sometimes be higher 
elsewhere on the school property, as higher fluoride concentrations "" 
appear to occur nearer the playground and oval to the west of the 
nitrogen oxide measurement site, which was located on the eastern side 
of the main school building. While the brickworks ir, the source of the 
fluoride and is also a substantial source of nitrogen oxides, other sources 
in the area including the Great Northern Highway must also he 
considered. The peak nitrogen dioxide concentration occurred t:inder 
calm or almost calm conditions suggesting a very local source. The 
windspeeds were close to, or below, the stalling speed of the wind 
measuring equipment. 
The concentrations of nitrogen oxides measured in this brief monitoring 
period at the school building were not high enough to induce significant 
L 












Time Nitrogen Dioxide Wind Speed Wind Direction 
( h r: min) (pphm) l(m/s)* ( 0 from North) 
1 8:00 9.8 0.5 139 
6:40 7.2 Less than 0.5 n.a. 
7:00 7.2 0.5 166 
21:1 0 7.5 Less than 0.5 n.a. 
21 :30 7.5 Less than 0.5 n.a. 
21 :40 7.2 Less than 0.5 n.a. 
6:1 0 11.0 Less than 0.5 n.a. 
8:00 7.7 Less than 0.5 n.a. 




1 2 6 
---------
n.a. - anemometer below stalling speed 
* wind speeds of 0.5 metres per second or less are described 
as calm in the beaufort wind scale. 




















Time Nitric Oxide Wind Speed Wind Direction 
(hr:min) (pphm) li_m/s} * _e from North) 
6:1 0 7.0 Less than 0.5 n.a. 
7:10 8.0 Less than 0.5 n.a. 
1:00 9.0 Less than 0.5 n.a. 
1 :1 0 9.0 Less than 0.5 n.a. 
23:10 7.0 Less than 0.5 n.a. 
19:40 7.0 Less than 0.5 n.a. 
19:50 10.0 Calm 0.6 145 
20:00 1 6.5 Less than 0.5 n.a. 
20:10 9.0 Less than 0.5 n.a. 
17:40 9 .·o Less than 0.5 n.a. 
1 8:1 0 7.5 Calm 0.5 135 
18:20 1 0.0 Less than 0.5 n.a. 
19:20 9.0 Less than 0.5 n.a. 
20:00 9.0 Less than 0.5 n.a. 
20:10 1 0. 0 Less than 0.5 n.a. 
20:40 1 0.0 Light air 0.9 1 1 9 
20:50 8.0 Light air 1 .5 
--
106 
n.a. - anemometer below stalling speed 
* wind speeds of 0.5 metres per second or less are described 
as calm, and winds of 1 metre per second as light air in 
the beaufort scale. 
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health effects caused by nitrogen oxides acting alone. Nitrogen oxides 
are known to have interactions with other common air pollutants, 
resulting in additive or synergistic effects·on human health, although 
little information is available at present (World Health Organization 
1987). 
SULPHUR DIOXIDE 
The results of monitoring of sulphur dioxide show that the maximum 
concentration measured was 5.5 pphm (Table 5 and Appendix 2). The 
World Health Organization guideline values for brief exposures to 
sulphur dioxide include a 10-minute, not to be exceeded, guideline of 19 
pphm (at 25°C)(World Health Organization, 1987). The Australian 
National Health and Medical Research Council recommends a 1 a-
minute guideline of 50 pphm (NH MRC, 1988). Perception of odour and 
irritation of nose, eyes and mouth are reported at 61 to 107 pphm. 
(World Health Organization, 1979), although it can be immediately 
perceived as an unpleasant acid, metallic taste at 8 pphm. It can be seen 
by comparison of these guidelines with peak concentrations measured at 
the School (Table 5) that the peak concentration (5.5 pphm) during this 
monitoring period and at this site, did not closely approach the World 
Health Organization guideline of 19 pphm, although it was close to the 
taste threshold. 
OTHER POLLUTANTS 
It is possible that other gases are important at the Middle Swan Primary 
School site. However, the brief for this work related to fluoride, 
nitrogen oxides and sulphur dioxide only. Dark particulates were 
L_ 
TABLE 5: Peak Sulphur Dioxide Concentrations (S0
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Time Sulphur Dioxide Wind Speed Wind Direction 
l(hr:min) (pphm) l(m/s)* ( 0 from North) 
17:30 3.0 Light air-breeze 1.9 34 
3:1 0 3.0 Less than 0.5 n.a. 
11 :45 3.6 Light air 1 .2 1 
11 :50 3.2 Light air-breeze 1.5 300 
9:50 5.5 Light breeze 2.6 292 
1 0:1 0 3.9 Light-gentle breeze 3.8 300 
10:20 3.1 Light-gentle breeze 3.6 298 
1 0:30 3.5 Light-gentle breeze 3.8 300 
11 :00 4.6 Light-gentle breeze 3.3 303 
11 :05 4.3 Light-gentle breeze 3.3 303 
11 :1 0 3.9 Light breeze 2.21 3 1 5 
11 : 1 5 3.5 Liqht-qentle breeze 3.81 302 
n.a. - anemometer below stalling speed 
* wind speeds of 0.5 metres per second or less are described 
as calm in the beaufort wind scale. Other wind speed descriptions 
also follow beaufort scale nomenclature. 
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collected on filter papers used for fluoride monitoring during the 
incident of 6 March (see Human Exposure section) and forwarded to the 
EPA for analysis. The Chemistry Centre of the Departrnen t of Mines 
examined these samples by light microscopy only. They were reported 
as containing quartz, carbon, calcite, feldspar, iron oxide, starch, organic 
fibres and tissues, and other unidentified minerals, none of which were 
quantified. The potential to identify the source of the emission from the 
elemental composition and concentration was not explored. 
POLLUTANT COMBINATIONS 
The atmosphere at Middle Swan Primary School contains significant 
concentrations of hydrogen fluoride, sulphur dioxide and nitrogen 
oxides. The results of this brief monitoring period show that nitrogen 
dioxide can be measured at levels which can be immediately perceived 
by humans by smell and sulphur dioxide levels were close to the taste 
threshold. The international literature on effects of air pollutants on 
humans generally concentrates on effects of single air pollutants, and 
little is known about effects of these pollutant combinations. Hence an 
assessment is not possible at this time. 
HUMAN EX?OSURE JNCIDENTS 
A Murdc'ch University staff member, Kelvin Maybury, who was 
working on the air quality monitoring programme gave personal 
accounts of exposure to air pollution at Middle Swan Primary School. 
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1. 6 March 1990 at 10.55 am at site 4 (see Figure 1) 
The odour was described as characteristic of unburnt 
hydrocarbons and sulphur dioxide with an acid taste in the 
mouth. Previous experience suggested emissions from a furnace 
under strongly reducing conditions. After several minutes eyes 
and nose became irritated. Later in the day a sore throat 
developed. White filter papers used for fluoride monitoring at 
this time were coated with dark particulate matter. At the time of 
this incident the wind was blowing at 3.7 metres per second from 
the north west. This is in direct alignment with the brickworks 
(Figure 1). 
2. 8 March 1990 
Mr Maybury reported that his eyes began stinging at 3.15 pm at a 
location on the school oval about 25 metres from site 5 (Figure 1). 
Stinging eyes and slight nasal irritation developed. There was no 
visible pollution nor odours. The wind data show that the wird 
was blowing from the WSW at 3.7 metr~s per second. 
3. 10 March 1990 
On the north side of the oval perimeter at 3.30 pm Mr Maybury 
experienced stinging eyes which persisted all of the remaining 
day. There were no other symptoms nor odours. The wind was 
blowing from the ESE at 4 metres per second at this time. A high 
fluoride concentration was measured at location 3 at the school. 
Averaged over nine hours it was 2.31 IJ.g HF m-3. 
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Gas measurement methods. 
Sulphur dioxide was measured in real-time using a Monitor labs Model 
8850 pulsed fluorescent sulfur dioxide analyser. 
Nitrogen oxides were measured in real-time using a ~1onitor labs 
chemiluminescent NOx analyser model 8840. 
Air samples were drawn from above the roof of the main building at 
Middle Swan Primary School, along teflon sampling lines to each 
analyser. 
The instruments were calibrated using US National Bur-:::au of Standards 
traceable permeation tubes, and a Thermo-Electron model 145 automatic 
calibrator. 
Fluoride was measured using the manual doubie filter method, 
following the Australian Standard Method AS 2618.2-1984. Stations 1, 2 
and 3 were mains powered and Stations 4 and 5 were battery powered as 
they were distant from mains power. 
The durations of monitoring periods were varied, according to the 
presence of irritant gases as perceived by a Murdoch University 
technician and school staff. When it was considered that atmospheric 
conditions were conducive to the onset of the problems previously 
experienced, or when irritation occurred, the monitoring periods were 
reduced accordingly, in attempts to encompass fumig:.1tion conditions. 
APPENDIX 2 a) Hydrogen Fluoride concentrations 
Site No. Date Time-Start Time-Finish Duration Gaseous Particulate Total 
(hr:min) l(hr:min) (hr:min) (~gHFfm3) (~gHFfm3) i(~gHFfm3) 
1 24/2-25/2 15:45 8:30 1 6:45 0.06 0.06 0.12 
1 25-Feb 8:30 15:30 7:00 0.35 0.00 0.35 
1 25/2-26/2 15:30 7:20 15:50 0.03 0.00 0.03 
1 26-Feb 7:20 1 2:35 5:15 0.09 0.00 0.09 
1 26-Feb 12:35 1 5:1 0 2:35 0.18 0.00 0.18 
1 26/2-27/2 1 5:1 0 7:00 15:50 0.03 0.00 0.03 
1 27-Feb 7:00 12:30 5:30' 0.04 0.01 0.05 
1 27-Feb 12:30 1 4:00 1 :30 0.58 0.03 0.61 
1 27-Feb 14:00 1 6:00 2:00 0.1 0 0.08 0.18 
1 27/2-28/2 16:00 7:30 1 5:30 0.93 0.02 0. 95 
1 28-Feb 7:30 13:30 6:00 0.61 0.00 0. 61 --
1 28-Feb 13:30 1 5:40 2:1 0 1 . 1 9 0.00 1 .1 9 
1 28/2-1/3 1 5:40 7:30 1 5:50 0.47 0.00 0.4 7 
1 1-M ar 7:30 1 5:00 7:30 0. 00 0.00 0.00 
1 1/3-2/3 1 5:00 7:00 1 6:00 0. 00 0.00 0.00 
1 2-M ar 7:00 15:00 8:00 0. 00 0. El 0 0.00 
1 213-3/3 15:00 7:25 1 6:25 0. 11 0.00 0. 11 
1 3- Mar 7:25 1 6:00 8:35 0.00 0.00 0.00 
1 3/3-4/3 1 6:00 8:00 1 6:00 0.00 0.00 0.00 
1 4- Mar 8:00 1 6:00 8:00 0.23. 0.00 0.23 
+-
1 4/3-5/3 16:00 8:00 1 6:00 0.00 1 0.00 0.00 ---
1 5- Mar 8:00 1 6:00 8:00 0.00 0.00 0.00 
1 5/3-6/3 1 6:00 7:30 15:30 0.60 0.00 0.60 
1 6- Mar 7:30 1 0:30 . 3:00 0.00 not availabe not available 
1 6- Mar 1 0:30 1 2:05 1 :35 0.00 0.56 0.56 
1 6- Mar 12:05 1 6:30 4:25 0.00 0.00 0.00 
1 6/3-7/3 1 6:30 7:30 15:00 0.00 0.00 0.00 
1 7- Mar 7:30 1 6:00 8:30 0.00 0.00 0.00 
1 713-8/3 1 6:00 8:00 16:00 0.00 0.00 0.00 
1 8- Mar 8:00 1 5:00 7:00 0.00 0.04 0.04 
1 8/3-9/3 1 5:00 8:00 17:00 0.00 0.00 0.00 
1 9- Mar 8:00 1 2:00 4:00 2.36 0.00 2.36 
1 9- Mar 12:00 15:00 3:00 0.53 0.00 0.53 
1 9/3-10/3 15:00 7:00 16:00 0.70 0.00 0.70 
1 1 0-Mar 7:00 1 6:00 9:00 0.56 0.00 0.56 
1 10/3-11/3 16:00 8:30 16:30 0.17 0.00 0.17 
' 1 11-Mar 8:30 1 6:30 8:00 0.14 0.00 0.14 
" 1 11/3-12/3 16:30 1 6:00 23:30 0. Qi 0.00 0.01 - ·-o.oo 1 12/3-13/3 1 6:00 8:00 16:00 0.00 0.00 
1 13-Mar 8:00 1 6:00 8:00 0.00 0.00 0.00 
1 13/3-14/3 1 6:00 7:15 15:15 0.00 0.05 0.05 -· 
1 14-Mar 7:15 1 5:30 8:15 0.00 0.00 0.00 
1 14/3-15/3 1 5:30 7:30 16:00 0.00 0.03 0.03 
1 15-Mcci 7:30 18:00 1 0:30 0.00 0.48 0.48 -
1 15/3-16/'J 18:00 7:30 13:30 0.00 0.00 0.00 -· 
1 16-Mari 7:30 17:00 9:30 0.00 0.00 0.00 
1 16/3-17/3 17:00 7:30 14:30 0.00 0.00 0.00 
1 17-Ma~! 7:30 1 6:00 8:30 0.08 0.00 0.08 
1 17/3-18/3+ 16:00 7:40 15:40 0.03 0.01 0.04 
1 18-Mar 7:40 15:35 7:55 0.05 0.00 0.05 ... ------
1 18/3-:~i3 15:35 1 2:55 21 :20 0.00 0.00 0.00 -
APPENDIX 2 a) Hydrogen Fluoride concentrations 
Site No. Date Time-Start Time-Finish Duration Gaseous Particulate Total 
i(hr:min) l(hr:min) l(hr:min) i(JlgHFfm3) i(JlgHF/m3) ()lgHFfm3) 
2 24/2-25/2 1 6:01 8:45 16:44 0.1 9 0.00 0.1 9 
2 25-Feb 8:45 15:40 6:55 0.31 0.00 0.31 
2 25/2-26/2 15:40 7:30 15:50 0.00 0.00 0.00 
2 26-Feb 7:30 12:45 5:15 0.10 0.00 0.1 0 
2 26-Feb 12:45 15:20 2:35 0.00 0.00 0.00 
2 26/2-27/2 15:20 7:1 0 15 :SO 0.00 0.00 0.00 
2 27-Feb 7:1 0 12:35 5:25 0.00 0.07 0.07 
2 27 -Feb 12:35 1 4:1 0 1 :35 0.39 0.1 5 0.54 
2 27-Feb 14:1 0 1 6:1 0 2:00 0.06 0.20 0.26 
2 27/2-28/2 1 6:1 0 7:40 15:30 0. 00 0.04 0.04 
2 28-Feb 7:40 1 3:41 6:01 1. 49 0.00 1 .49 
2 28-Feb 13:41 15:50 2:09 o.ssl 0.00 0.55 
2 28/2-1/3 15:50 7:41 1 5:51 0.021 0.00 0.02 
2 1-M ar 7:41 15:09 7:28 0.001 0. 00 0.00 
2 1/3-2/3 15:09 7:1 0 1 6:01 0.00 0.00 0.00 
2 2- Mar 7:1 0 1 5:1 0 8:00 0. 001 o.oof-- 0.00 
2 2/3-3/3 1 5:1 0 7:35 16:25 0. 00 0.00, 0.00 
2 3- Mar 7:35 1 6:1 0 8:35 o.oo' 0.00 0.00 
2 3/3-4/3 1 6:1 0 8:1 0 1 6:00 0.32 0.00 0.32 
2 4- Mar 8:1 0 1 6:1 0 8:00 0.00 0.00 0.00 
2 4/3-5/3 1 6:1 0 8:1 0 1 6:00 0.1 9 0.00 0.1 9 
2 5- Mar 8:1 0 1 6:1 0 8:00 0.99 0.00 0.99 
2 5/3-6/3 1 6:1 0 7:40 15:30 0.20 0.00 0.20 
2 6- Mar 7:40 1 0:40 3:00 0.00 0.00 0.00 
2 6- Mar 1 0:40 12:15 1 :35 0.00 0.00 0.00 
2 6- Mar 1 2:1 5 16:40 4:25 0.00 0.24 0.24 
2 6/3-7/3 16:40 7:40 15:00 0.00 0.00 0.00 
2 7- Mar 7:40 1 6:1 0 8:30 0.00 0.1 2 0.12 
2 7/3-8/3 1 6:1 0 8:1 0 16:00 0.00 0.1 3 0.13 
2 8- Mar 8:1 0 15:1 0 7:00 0.00 0.00 0.00 
2 8/3-9/3 15:1 0 8:1 0 17:00 0.00 0.00 0.00 
2 9- Mar 8:1 0 1 2:1 0 4:00 0.00 0.00 0.00 
2 9- Mar 12:1 0 1 5:1 0 3:00 not available not available not available 
2 9/3-10/3 15:1 0 7:1 0 16:00 0.12 0.00 0.12 
2 10-Mar 7:1 0 1 6:1 0 9:00 0.75 0.00 0.75 
2 10/3-11/3 1 6:1 0 8:40 1 6:30 0.69 0.00 0.69 
2 11-Mar 8:40 16:40 8:00 0.25 0.00 0.25 
2 11/3-12/3 16:40 1 6:1 0 23:30 2.09 0.00 2.09 -
212/3-13/3 16:1 0 8:10 16:00 0.00 0.00 0.00 
2 13-Mar 8:1 0 1 6:1 0 8:00 0.00 0.00 0.00 
213/3-14/3 16:1 0 7:25 15:1 5 0.00 0.00 0.00 
2 14-Mar 7:25 15:40 8:15 0.00 0.00 0.00 
2 14/3-15/3 15:40 7:40 16:00 0.00 0.00 0.00 
2 1 5- :111 a r 7:40 18:10 1 0:30 0.00 0.061 0.06 
2 15/3-11:>i3 18:1 0 7:40 13:30 0.00 o.oor 0.00 
2 1 6-lvlar 7:40 17:10 9:30 0.00 0.00 0.00 
2 16/3-17/3 17:1 0 7:40 14:30 0.00 0.00 0.00 




APPENDIX 2a) Hydrogen Fluoride concentrations 
Site No. Date Time-Start Time-Finish Duration Gaseous Particulate Total 
l(hr:min) (hr:min) l(hr:min) (11~HFim;;) (IJ.~HF1m3) 1(11~HF1m3) 
3 2412-2512 1 6:35 9:25 1 6:50 0.18 0.18 0.36 
3 25-Feb 9:25 1 6:1 0 6:45 0.96 0.00 0.96 
3 2512-2612 1 6:1 0 8:00 15:50 0.49 0.00 0.49 
3 26-Feb 8:00 13:20 5:20 0.94 0.00 0.94 
3 26-Feb 13:20 15:45 2:25 0.00 0.00 0.00 
3 2 6 I 2 -·2 7 I 2 15:45 7:45 16:00 0.10 0.00 0.10 
3 27-Feb 7:45 13:05 5:20 Pum_Q_ failure 
3 27 -Feb 13:05 14:40 1 :35 6.82 not available not available 
3 27-Feb 14:40 1 6:45 2:05 1.43 0.25 1 .68 
3 2712-2812 1 6:45 8:1 0 15:25 4.02 0. 11 4.13 
3 28- Feb 8:1 0 1 4:1 4 6:04 4.50 0.00 4.50 
3 28-Feb 1 4:1 4 1 6: 1 5 2:01 8.78 0.00 8.78 
32812-1/3 1 6:1 5 8:00 15:45 6.1 9 0.00 6.1 9 
3 1-M ar 8:00 15:20 7:20 0.67 0.00 0.67 
3 113-213 1 5:20 7:2J 1 6:00 1. 22 0.00 1 .22 --
3 2- Mar 7:20 1 5:20 8:00 0. 00 0.00 0.00 --
3 2/3-3/3 15:20 7:46 1 6:26 0.51 0.00 0.51 
3 3- Mar 7:46 1 6:22 8:36 0.00 0.00 0.00 
3 313-413 1 6:22 8:20 15:58 0.23 0.00 0.23 
3 4- Mar 8:20 1 6:25 8:05 0.00 0.00 0.00 
3 4/3-5/3 16:25 8:20 i 5:55 0.00 0.00 0.00 
3 5- Mar 8:20 1 6:1 9 7:59 0.20 0.00 0.20 
3 5/3-613 1 6:1 9 7:50 1 5:31 2.55 0.00 2.55 
3 6- Mar 7:50 1 0:4 7 2:57 1.34 0.00 1 .34 
3 6- Mar 1 0:4 7 12:25 1 :38 0.00 0.00 0.00 
3 6- Mar 12:25 1 6:51 4:26 0.00 0.84 0.84 
3 6/3-7/3 1 6:51 7:50 14:59 2.91 0.00 2. 91 
3 7- Mar 7:50 1 6:21 8:31 0.00 0.00 0.00 
3 7/3-8/3 1 6:21 8:40 1 6:1 9 0.00 0.12 0.12 
3 8- Mar 8:40 1 6:00 7:20 0.04 0.02 0.06 
3 8/3-9/3 16:00 8:40 16:40 0.07 0.00 0.07 
3 9- Mar 8:40 1 2:40 4:00 1. 97 0.00 1 .97 
3 9-Mar 12:40 15:40 3:00 0.23 0.00 0.23 
3 913-10/3 15:40 7:40 1 6:00 0.93 0.00 0.93 
3 10-Mar 7:40 1 6:41 9:01 2.31 0.00 2.31 
3 1013-1113 1 6:41 9:1 0 16:29 0.98 0.00 0.98 
3 11-Mar 9:1 0 17:10 8:00 0.33 0.00 0.33 
3 11/3-12/3 17:1 0 1 6:41 23:31 2.55 0.00 2.55 -
3 12/3-1313 1 6:41 8:40 15:59 1. 03 0.00 1.03 
3 13-Mar 8:40 16:40 8:00 0.00 0.00 0.00 
3 13/3-14/3 1 6:40 7:55 15:1 5 0.00 0.1 6 0.1 6 j 
3 14-Mar 7:55 1 6:09 8:14 0.00 0.00 0.00 
3 14/3-15/3 16:09 8:10 1 6:01 0.00 0.09 0.09 
r--· 
3 15-Mar 8:1 0 18:40 1 0:30 0.00 0.00 0.00 
3 1513-16/3 18:40 8:10 13:30 0.05 0.06 0.11 
' 3 16-Mar 8:1 0 17:40 9:30 0.08 0.00 0.08 
3 16/3-17/3 17:40 8:10 14:30 0.04 0.00 0.04 
3 17-Mar 8:1 0 16:42 8:32 0.13 0.00 0.13 
3 1713-18/3 16:42 8:00 15:1 8 0.14 0.00 0.14 
3 18-Mar 8:00 15:55 7:55 1.45 0.00 1 .45 
3 1813-1913 15:55 13:25 21 :30 not available not available not available 
APPENDIX 2 a) Hydrogen Fluoride concentrations 
Site No. Date Time-Start Time-Finish Duration Gaseous Particulate Total 
(hr:min) IC_hr:min) l(hr:min) (J:l:gHFfm3) U.J.gHFfm3) IC!.J.gHF/m3) 
4 24/2-25/2 16:20 9:15 16:55 0.32 0.00 0.32 
4 25-Feb 9:15 1 6:00 6:45 0.04 0.00 0.04 
4 25/2-26/2 16:00 7:50 15:50 0.20 0.00 0.20 
4 26-Feb 7:50 13:10 5:20 0.05 0.00 0.05 
4 26-Feb 13:1 0 15:35 2:25 0. 11 0.00 0.11 
4 26/2-27/2 15:35 7:35 16:00 0.00 0.00 0.00 
4 27-Feb 7:35 12:55 5:20 0.17 0.03 0.20 
4 27-Feb 12:55 14:30 1 :35 0.12 0.14 0.26 
4 27 -Feb 14:30 1 6:35 2:05 0.64 0.04 0.68 
4 27/2-28/2 16:35 8:00 15:25 2.62 0.06 2.68 
4 28-Feb 8:00 14:05 6:05 0.63 0.00 0.63 
4 28-Feb 14:05 1 6:05 2:00 0.44 0.00 0.44 
428/2-1/3 1 6 :OS 8:10 1 6:05 1. 72 0.00 1 .72 
4 1- Mar 8:1 0 1 5:31 7:21 0.00 0 00 0.00 
--
41/3-2/3 15:3.) 7:31 1 6:01 • 0.00 0.00 0.00 
4 2- Mar 7:31 15:80 7:59 0.00 0.00 0.00 -
4 2/3-3/3 15:30 7:55 1 6:25 0.00 0 00 0.00 
4 3- Mar 7:55 16:31T 8:36 o.ool 0.00 0.00 
4 4- Mar 8:30 1 6:36 8:06 0.04 0.00 0.04 
4 4/3-5/3 16:36 8:31 15:55 0.00 0.00 0.00 
4 5- Mar 8:31 1 6:27 7:56 0.18 0.00 0.18 
. 4 5/3-6/3 16:27 8:00 15:33 0.22 0.00 0.22 
. --
4 6- Mar 8:00 1 0:55 2:55 0.00 0.00 0.00 . . 
4 6- Mar 1 0:55 12:35 1 :40 0.00 0. 71 0.71 
4 6- Mar 12:35 17:00 4:25 0.00 0.1 3 0.13 
4 6/3-7/3 17:00 8:00 15:00 0.41 0.00 0.41 
4 7- Mar 8:00 1 6:30 8:30 0.00 0.1 7 0.17 
4 7/3-8/3 16:30 8:30 1 6:00 0.00 0.00 0.00 
4 8- Mar 8:30 15:30 7:00 0.00 0.00 0.00 
4 8/3-9/3 15:30 8:31 17:01 0.1 0 0.00 0.1 0 
4 9- Mar 8:31 1 2:30 3:59 0.42 0.00 0.42 
4 9- Mar 12:30 15:30 3:00 0.89 0.00 0.89 
4 9/3-10/3 15:30 7:30 1 6:00 0.56 . 0.00 0.56 
4 10-Mar 7:30 1 6:33 9:03 0.17 0.00 0.17 
4 1 0/3-1 1 /3 16:33 9:00 16:27 0.18 0.00 0.18 
4 11- Mar 9:00 17:00 8:00 0.08 0.00 0.08 
4 11/3-12/3 17:00 1 6:30 23:30 0.94 0.00 0.94 
412/3-13/3 16:30 8:30 16:00 0.1 g 0.00 0.19 
4 13-Mar 8:30 1 6:30 8:00 0.00 0.05 0.05 
413/3-14/3 16:30 7:45 15:1 5 0.00 0.00 0.00 
4 14-Mar 7:45 1 6:00 8:15 0.00 0.00 0.00 --
414/3-15/3 if.:OO 8:00 16:00 0.00 0.00 0. OrJ. 
4 15-Mar s ·oo 18:28 1 0:28 C·.OO 0.03 0.03 
r-
0.14 415/3-16/3 18:28 8:00 13:32 0.14 0.00 
4 16-Mar 8:00 17:30 9:30 0.00 0.00 0.00 
416/3-17/3 17:30 8:00 14:30 not availabie not available not available 
4 17-Mar 8:00 16:32 8:32 0. 01 0.00 0.01 
• Dirty-heavily coated with particulate matter. . . Dirty-slightly grey due to particuj(lte matter 
.... 
APPENDIX 2a) Hydrogen Fluoride concentrations 
Site No. Date Time-Start Time-Finish Duration Gaseous Particulate Total 
(hr:min) (hr:min) l(hr:min) i(~J.qHFfm3) I(!J.gHFfm3) (!J.gHFfm3) 
5 24/2-25/2 16:1 0 9:00 16:50 0.35 0.00 0.35 
5 25-Feb 9:00 15:50 6:50 0.13 0.00 0.13 
5 25/2-26/2 15 ;50 7:40 15:50 0.02 0.00 0.02. 
5 26-Feb 7:40 12:55 5:15 0.06 0.00 0.06 
5 26-Feb 12:55 15:30 2:35 0.00 0.00 0.00 
5 26/2-27/2 15:30 7:25 15:55 0.00 0.00 0.00 
5 27 -Feb 7:25 12:45 5:20 1 .07 0.05 1 .1 2 
5 27-Feb 12:45 14:20 1 :35 0.55 0.14 0.69 
5 27-Feb 14:20 16:25 2:05 0.34 0.07 0.41 
5 27/2-28/2 1 6:25 7:50 15:25 2.68 0.03 2.71 
5 28-Feb 7:50 13:05 5:15 7.41 0.00 7.41 
5 28-Feb 13:05 1 6:00 2:55 1. 09 0.00 1. 09 
5 28/2-1/3 16:00 8:22 1 6:22 0. 72 0.00 0.72 
5 1- Mar 8:22 1 5:45 7:23 0. 05 0.00 0.05 -
5 1/3-2/3 15:4 5 7:45 1 6:00 0.14 0.00 0.14 
5 2-Mar 7:45 15.43 7:58 0.00 0.00 0.00 --
5 2/3-3/3 15:43 8:08 1 6:23 0. 00 0.00 0.00 
5 3-M ar 8:06 1 6:35 8:29 0.00 0.00 0.00 --
5 3/3-4/3 16:35 8:37 16:02 0.00 0.00 0.00 
5 4- Mar 8:37 1 6:45 8:08 0.00 0.00 0.00 
5 4/3-5/3 16:45 8:40 15:55 0.00 0.00 0.00) 
5 5- Mar 8:40 16:35 7:55 0.00 0.00 0.00 
5 5/3-6/3 16:35 8:11 15:36 0.40 0.04 0.44 
5 6-Mar 8:11 11 :05 2:54 0.00 0.00 0.00 
5 6- Mar 11 :05 12:45 1 :40 0.00 0.00 0.00 
5 6- Mar 12:45 1 7:1 0 4:25 0.00 0.00 0.00 
5 6/3-7/3 17:1 0 8:10 15:00 0.00 0.04 0.04 
5 7- Mar 8:1 0 1 6:40 8:30 0.00 0.08 0.08 
5 7/3-8/3 16:40 8:19 15:39 0.00 0.04 0.04 
5 8- Mar 8:1 9 15:20 7:01 0.00 0.00 0.00 
5 8/3-9/3 15:20 8:20 17:00 0.07 0.00 0.07 
5 9- Mar 8:20 12:20 4:00 0.52 0.00 0.52 
5 9- Mar 12:20 15:21 3:01 0.60 0.00 0.60 
5 9/3-10/3 15:21 7:21 16:00 1.20 0.00 1 .20 
5 10-Mar 7:21 1 6:20 8:59 0.47 0.00 0.47 
5 10/3-11/3 16:20 8:51 16:31 0.62 0.00 0.62 
5L 11-Mar 8:51 1 6:50 7:59 0.01 0.04 0.05 
I 5 11/3-12/3 16:50 16:20 23:30 0.44 0.00 0.44 -
5 12/3-13/3 16:20 8:21 1 6:01 0.00 0.00 0.00 
5 13-Mar 8:21 1 6:21 8:00 0.00 0.00 0.00 
5 13/3-14/3 1 6:21 7:35 15:14 0.00 0.01 0.01 
-· ----·:-
5 14-Mar 7:35 1 5:51 8:16 0.00 0.00 O.QO 
5 14/3-15/3 1;:; :51 7:50 15:59 0.00 0.02 0.02 
5 15-Mar 7:50 18:20 10:30 0.00 0.00 0.00 
5 15/3-16/3 18:20 7:50 13:30 0.13 0.02 0.15 --
5 16-Mar 7:50 17:20 9:30 0.00 0.00 0.00 
5 16/3-17/3 17:20 7:50 14:30 0.04 0.00 0.04 
5 17-Mar 7:50 1 6:21 8:31 0.00 0.00 0.00 --
5 17/3-18/3 1 6:21 7:50 15:29 0.04 0.00 0.04 
5 -18-Mar 7:50 15:45 7:55 0.66 0.09 0.75 
·-· 
5 18/3-19/3 15:45 13:06 21 :21 0.33 0.00 0.33 
APPENDIX 2 b) Nitrogen Dioxide and Nitric Oxide concentrations 
Date Time N02 pphm NOpphm 
11-Mar-90 18:40 1. 9 0.0 
18:50 1.9 0.0 
19:00 3.2 0.0 
1 9:1 0 1 .3 0.0 
19:20 1 .0 0.0 
19:30 1. 9 0.0 
19:40 1. 9 0.0 
19:50 0.9 0.0 
20:00 1.6 0.0 
11-Mar-90 11 :00 1. 6 0.0 
11 :1 0 2.0 0.0 
11 :20 2.6 0.0 
11 :3 0 1 . 6 0.0 
-
11 :4 0 2.6 0.0 
-
11 :50 2.6 0.0 
12:00 2.3 0.0 
1 2:1 0 1 . 6 0.0 
12:20 1. 9 0.0 -
12:30 0.6 - ~ J.O 
12:40 3.3 0.0 
12:50 3.3 0.0 
13:1 0 6.8 0.2 
13:20 6.8 2.0 
13:30 5.9 0.0 
13:40 2.6 0.0 
13:50 2.6 0.0 
14:00 3.9 0.0 
14:1 0 4.9 0.0 
14:20 3.3 0.0 
14:30 2.3 0.0 
14:40 5.9 2.5 
14:50 2.3 0.0 
15:00 4.9 0.0 
15:1 0 3.9 0.0 --
15:20 1 .3 0.0 
13-Mar-90 15:20 1.6 0.0 
15:30 4.9 0.0 
15:40 3.3 0.0 
·----~···-
15:50 3.3 0.0 
16:00 3.3 0.0 
1 6:1 0 2.3 0.0 
16:20 2.3 0.0 
16:30 1.0 0.0 
18:50 2.0 0.0 -
19:00 2.6 0.0 
1 9:1 0 2.0 0.0 
19:20 3.3 0.0 
19:30 2.0 0.0 
19:40 3.3 0.0 
19:50 2.9 0.0 
20:00 3.6 0.0 
20:10 3_._§_ . 0.0 
.tr.. 
APPENDIX 2 b) Nitrogen Dioxide and Nitric Oxide concentrations 
Date Time N~pphm NO pphm 
20:20 4.9 0.0 
20:30 6.5 0.0 
20:40 4.9 0.0 
20:50 4.9 0.0 
21 :00 4.9 0.0 
21 :1 0 4.6 0.0 
21 :20 4.9 0.0 
21 :30 4.6 0.0 
21 :40 4.2 0.0 
21 :50 4.9 0.0 
22:00 4.9 0.0 
22:10 3.3 0.0 
22:20 2.9 0.0 
--
i ~~2:30 2.6 0.0 
---~- 22:40 3.3 0.0 ·---~-
22:50 1.6 0 ._Q_ 
23:00 2.0 0.0 
14-Mar-90 8:40 3.3 0.1 .. 
10:45 6.5t 0.3 
15-Mar-90 i 5:50 3.3 0.0 
16:00 0.7 0.0 
1 6:1 0 0.0 0.0 
16:20 0.0 0.0 
1 6:30 2.3 0.0 
16:40 3.3 0.0 
16:50 2.3 0.0 
17:00 4.2 0.0 
1 7:1 0 4.2 0.0 
17:20 4.9 0.0 
17:30 4.9 0.0 
17:40 5.9 0.0 
17:50 6.2 0.0 
18:00 9.8 0.0 
1 8:1 0 6.8 0.0 
1--
18:2or 6.:? 0.0 
18:30 5.5 0.0 
18:40 5.9 0.0 
18:50 4.9 0.0 ----
19:00 4.9 0.0 
1 9:1 0 5.5 0. 0-i 
19:20 3.9 0. (ii 
19:30 2.9 0.0 
19:40 5.2 0.0 
19:50 2.3 0.0 
20:00 5.2 0.0 
20:10 4.9 .9..:..9. 
20:20 4.9 0.0 
20:30 5.2 0.0 
20:40 6.5 0.0 
20:50 5.9 0.0 
21 :00 4.9 0.0 





APPENDIX 2 b) Nitrogen Dioxide and Nitric Oxide concentrations 
Date Time N~phm NO pphm 
21 :20 4.2 0.0 
21 :30 3.9 0.0 
21 :40 2.6 0.0, 
21 :50 2.3 0.0 
22:00 1 .3 o.o 1 
22:10 1 .3 O.Oj 
22:20 1. 0 0.0 1 
22:30 3.6 0.01 
22:40 4.2 0.0 
22:50 6.5 0.0 
23:00 6.5 0.0 
23:1 0 5.9 0.0 
23:20 3.9 0.0 
23:30 4.2 0.0 
-
~- 23:40 3.9 0.0 ~ 
16-Mar-90 6:20 3.9 0.0 
--;-
6:30 6.5 0.0 
6:40 7.2 1. 0 
6:50 6.8 2.0 
-, 
7:0 I) 7.2 2.0 -
7:1 0 6.5 1. 5 
7:20 2.9 0.0 
7:30 2.3 0.0 
7:40 2.6 0.0 
7:50 5.5 0.0 
8:00 6.5 0.0 
8:1 0 4.9 0.0 
8:20 3.3 0.0 
8:30 3.3 0.0 
8:40 3.3 0.0 
8:50 1. 6 0.0 
9:00 1. 6 0.0 
1 8:1 0 0.7 0.0 
18:20 2.3 0.0 
1 [' :3 0 2.3 0.0 
18:40 2.3 0.0 
18:50 2.9 0.0 
1-
19:00 3.3 0.0 
19:1 0 2.3 0.0 
19:20 1. 6 0.0 
19:30 2.9 0.0 
19:40 3.6 0.0 
19:50 4.2 0.0 
20:00 4~9 0.0 
20:10 5.2 0.0 
20:20 5.2 0.0 -
20:30 5.9 0.0 
20:40 5.5 0.0 
20:50 6.5 0.0 
21 :00 5.2 0.0 
21:1 0 7.2 0.5 
21:~_Q L__. ___ 6.8 1.0 
..... ----~--- -----~---
APPENDIX 2 b) Nitrogen Dioxide and Nitric Oxide concentrations 
Date Time NO:>pphm NO pphm 
21 :30 7.5 1. 0 
21 :40 7.2 1 .5 
21 :50 6.5 0.5 
22:00 3.6 0.0 
22:1 0 3.3 0.0 
22:20 1.6 0.0 
19-Mar-90 5:1 0 1 .3 0.0 
5:20 3.1 0.0 
5:30 2.6 0.0 
5:40 2.0 0.0 
5:50 5.9 1. 0 
6:00 3.8 1.0 
6:1 0 11 . 0 7.0 
6:20\ 5.1 0.5 - --
6:30 3.8 0.0 
6:40! 3.1 0.0 ... 
6:50 3.1 ____Q_J2_ 
7:00 2.6 0.0 
7:1 0 3.1 0.0 
-
7:20 1. 3 0.0 
~ 
7:30 1 .5 0.0 
7:40 2.6 0.0 
7:50 3.8 1. 0 
8:00 7.7 2.5 
8:1 0 4.3 1 .0 
23:1 0 0.0 5.0 
23:20 0.0 4.0 
23:30 0.0 3.0 
23:40 0.0 4.0 
23:50 0.0 2.0 
24:00 0.0 1. 0 
20-Mar-90 6:40 not available 3.0 
7:00 not available 3.0 
7:10 not available 8.0 
7:2. o' not available 1.5 
1 8:1 0 2.0 0.0 
1--· 
18:20 3.0 0.0 
18:30 2.0 0.0 
---
18:40 1. 0 0.0 
1--· 
18:50 4.0 0.0 
19:00 ~ n V.'J 0.0 
1 9:1 0 4.J 0.0 
19:20 6.01 0.0 
19:30 5 n• ·':'\ 0.0 
19:40 4.0 0.0 
19:50 4.0 0.0 
20:00 4.0 0.0 
20:10 2.0 0.0 
21-Mar-90 0:30 0.0 4.0 
0:40 0.0 5.0 
0:50 0.0 3.0 
22-Mar-90 4:00 0.0 3.0 
L __ 
APPENDIX 2 b) Nitrogen Dioxide and Nitric Oxide concentrations 
Date Time N~pphm NO pphm i 
4:1 0 0.0 2.0 
4:20 0.0 1 .0 
4:30 0.0 1 .5 
4:40 0.0 3.5 
4:50 0.0 3.5 
5:10 0.0 3.5 
5:20 0.0 2.0 
5:30 0.0 1.5 
5:40 0.0 2.5 
5:50 0.0 2.0 
~~
6:00 0.0 1. 0 
6:1 0 0.0 4.0 
6:20 0.0 2.0 
6:30 0.0 5.0 
6 :tl 0 0.0 ~~I 
6:50-l 0.0 1 . 0 
7:00 0.0 0.5i 
7:1 0 0.0 3.0 
7:20 0.0 3.0 
7:30 0.0 3.5 
7:40 0.0 4.5 
7:50 0.0 6.0 
8:00 0.0 5.5 
8:10 0.0 4.5 
8:20 0.0 4.0 
8:30 0.0 3.5 
8:40 0.0 2.5 
8:50 0.0 1.0 
18:00 2.0 0.0 
1 8:1 0 2.0 0.0 
18:20 3.0 0.0 
18:30 3.0 0.0 
18:40 3.0 0.0 
18:50 5.0 0.0 
19:00 2.5 o .. J 
19:1 0 3.0 0.0 
! 19:20 3.0 0.0 
! __ J 19:30 3.5 0.0 
I 19:40 4.0 0.0 
19:50 3.0 i .0 
20:00 4.0 1. 5 
20:10 2.0 2.0 
20:20 5.0 2.0 
20:30 4.0 2.5 
20:40 4.0 3.0 
20:50 4.0 2.0 
21 :00 3.0 2.0 
21:1 0 3.0 1.5 
21 :20 4.0 5.0 
21 :30 3.0 4.5 
21 :40 3.0 6.5 
21 :50 3.0 6.5 
.... 
APPENDIX 2 b) Nitrogen Dioxide and Nitric Oxide concentrations 
Date Time N~pphm NO pphm 
22:00 3.0 6.0 
22:10 3.0 6.0 
22:20 3.0 5.5 
22:30 3.0 2.0 
22:40 2.0 5.0 
22:50 2.0 3.0 
23:00 1 .0 2.5 
23:10 1. 0 1. 0 
23:20 0.0 1. 0 
23-Mar-90 18:00 1. 0 0.0 
18:10 3.0 0.0 
18:20 1. 0 0.0 
1 8:30 1. 0 0.0 
1 8:40 2.0 0.0 
1 8:50 3.0 0.0 
19:00 3.0 0.0 
1 9:1 0 3.0 0.0 
19:20 3.0 0.0 
1 9:30 4.0 0.0 
19:40 4.0 0.0 
19:50 4.0 0.0 
20:00 4.0 0.0 
20:1 0 3.0 0.0 
20:20 1. 0 1 .5 
20:30 1 .5 0.0 
20:40 4.0 1. 0 
20:50 2.0 0.0 
21 :00 2.0 0.0 
21 :1 0 3.0 0.0 
21 :20 3.0 0.0 
21 :30 2.0 0.0 
21 :40 2.0 0.0 
21 :50 2.0 0.0 
22:10 2.0 0.0 -
22:20 2.0 0.0 
22:30 3.0 0.0 
22:40 1. 0 __ __9__:_Q 
23:00 1 .0 0.0 
--
23:20 2.0 _ _QJl 
23:30 2.0 0.0 
23:40 1 .0 0.0 
·------'-'----
23:50 1 .0 0.0 
24-Mar-90 0:00 1.0 0.0 --
0:10 1_0 0.0 
0:20 1 .0 0.0 
0:30 2.0 4.0 
-----'--'--"--
0:40 2.0 0.0 -
0:50 2.0 6.0 
1 :00 1.0 9.0 
1 :1 0 1 .0 9.0 
1 :20 0.0 3.0 
17:00 1. 0 0.0 
, 
APPENDIX 2 b) Nitrogen Dioxide and Nitric Oxide concentrations 
Date Time N02pphm NO pphm 
17:1 0 0.5 0.0 
17:20 2.0 0.0 
17:30 3.0 0.0 
17:40 2.0 0.0 
17:50 3.0 0.0 
18:00 3.0 0.0 
1 8:1 0 2.0 0.0 
18:20 3.0 0.0 
18:30 4.0 0.0 
18:40 5.0 0.0 
18:50 4.0 0.0 
19:00 3.0 0.0 
1 9:1 0 2.0 0.0 
19:20 2.0 0.0 
1 ~ :30 1. 0 0.0 
19:4 0 2.0 0.0 
1 9:50 4.0 0.0 
20:00 4.0 0.0 
20:1 0 4.0 0.0 
-t 
20:20 4.0 0.0 
20:30 4.0 0.0 
20:40 4.0 0.0 
20:50 4.0 0.0 
21 :00 4.0 0.0 
21 :1 0 4.0 0.0 
21 :20 4.0 0.0 
21 :30 4.0 0.0 
21 :40 4.0 0.0 
21 :50 4.0 0.0 
22:00 3.0 0.0 
22:10 3.0 0.0 
22:20 3.0 0.0 
22:30 2.0 0.0 
22:40 3.0 0.0 
25-Mar-90 1 :20 0.0 2.0 
1 :30 0.0 6.0 
1 :40 0.0 1.0 
3:1 0 0.0 2.0 
-
4:30 0.0 4.0 
4:40 0.0 2.0 
4:50 0.0 1 .5 
5:00 0.0 1.0 
6:00 0.0 0.5 
6:20 0.0 2.0 
6:40 0.0 1 .5 
7:20 0.0 3.0 ---
7:30 0.0 2.5 ----
7:40 0.0 1.5 
7:50 0.0 2.5 
8:00 0.0 1. 0 
19:50 0.0 0.5 
20:00 0.0 6.0 
-~ ----··-··- ~ 
....._____ 
APPENDIX 2 b) Nitrogen Dioxide and Nitric Oxide concentrations 
Date Time N~pphm NO pphm 
20:10 000 600 
20:20 000 500 
20:30 000 500 
20:40 000 405 
20:50 000 405 
21 :00 000 400 
21 :1 0 000 500 
21 :20 000 400 
21 :30 000 305 
21 :40 000 500 
21 :50 000 605 
--
22:00 000 2.5 
22:1 0 000 300 
22:20 000 400 
22:30 000 300 
22:40 0.0 300 
--··-·- -:..-
22:50 000 3.0 
-
23:00 000 600 
23:10 000 700 
23:20 000 600 
23:30 000 600 
23:40 000 200 
23:50 000 1.0 
26-Mar-90 0:00 000 200 
0:10 000 200 
0:20 000 200 
0:30 000 300 
0:40 000 300 
0:50 000 200 
1 :00 000 1 0 5 
1 :10 000 1.5 
1:20 000 205 
1:30 OoO 1.5 
1:40 000 1.5 
1 :50 000 _100 
2:00 OoO 1 0 0 
4:30 OoO 1.5 
5:00 OoO 200 
5:20 000 205 
5:40 OoO 1 0 5 --
I 6:00 OoO 1 0 0 
7:00 000 505 
7:10 000 505 
7:20 000 200 
7:30 000 305 
7:40 OoO 205 
27-Mar-90 7:50 OoO 500 
8:00 OoO 405 
8:10 OoO 200 
8:40 000 405 
8:50 000 205 
9:00 OoO 200 
APPENDIX 2 b) Nitrogen Dioxide and Nitric Oxide concentrations 
Date Time NG.?pphm NO pphm 
9:1 0 0.0 2.0 
9:20 0.0 2.0 
28-Mar-90 6:05 0.0 2.5 
6:55 0.0 3.51 
7:20 0.0 4.0 
18:00 1. 0 0.0 
18:1 0 1. 0 0.0 
18:20 2.0 0.0 
18:30 2.0 0.0 
f---
18:40 3.0 0.0 
18:50 2.0 2.0 --
1 9:0 0 3.0 3.0 
1 9:1 0 4.0 3.0 
19:20 4.0 0.0 -
1-------
19:30 3.0 5.0 
f---
19:40 4.0 7.0 
1 9:50 5.0 10.0 
20:00 4.0 1 6. 5 
1---
20:10 3.5 9.0 
20:20 3.0 4.0 
20:30 3.0 3.0 
20:40 1. 0 0.0 
29-Mar-90 16:40 2.0 0.0 
16:50 2.0 0.0 
17:00 3.5 3.0 
1 7:1 0 3.0 2.01 
17:20 4.0 6.0 
17:30 4.0 5.5 
17:40 5.0 9.0 
17:50 5.0 6.0 
18:00 6.0 6.0 
1 8:1 0 7.0 7.5 
18:20 6.0 10.0 
18:30 6.0 5.0, 
f-
18:40 5.0 5.0 
18:50 3.0 5.0 1 
19:00 5.0 1. 5 --
1 9:1 0 4.0 3.0 
19:20 4.0 9.01 
19:30 5.0 4.5 
19:40 4.0 3.5 
19:50 5.0 2.01 
20:00 4.0 9.0 
20:10 4.0 10.0 
20:20 5.0 6.0 
20:30 6.0 3.0 -----
20:40 4.0 10.0 
20:50 3.0 8.0. 
21 :00 2.0 3.0 
21:1 0 2.0 0.0 
21 :20 1 .0 0.0 
21 :30 1. 0 0.0 
...l...__ 
APPENDIX 2 b) Nitrogen Dioxide and Nitric Oxide concentrations 
!Date 
21 :40 
INOzpphm INO pphm I 
APPENDIX 2 c) Sulphur Dioxide concentrations 
Date Time S02 pphm 
15-Mar-90 12:30 0.3 
13:56 1. 7 
14:40 0.8 
14:56 1. 2 
15:02 0.6 
17-Mar-90 1:1 7 2.7 
2:46 0.4 
10:45 1. 0 
11 :1 0 2.2 
11 :30 2.5 
11 :50 0.8 
12:00 1. 6 ,---
12:30 0.6 
1 3:1 5 2.0 -- --· -
13:40 2.0 




I 15:00 1. 2 i. 






18-Mar-90 16:20 1. 2 
16:25 1. 5 
16:45 2.4! 
17:00 1. 2 
1 7:1 0 2.4 
17:30 3.0 
22:40 0.8 
19-Mar-90 3:1 0 3.0 
17:40-19:17 0.4 
20-Mar-90 18:20-19:&)0 0.4 
21-Mar-90 13:00 0.4 
17:45 0.6 
1-




1 0:1 0 1.2 
11 :45 3.6 -
11 :50 3.2 
11 :55 2.0 
12:35 1. 6 
13:1 0 2.5 ---




1 0:1 0 3.9 
10:20 3.1 
L 
APPENDIX 2 c) Sulphur Dioxide concentrations 




11 :0 0 4.6 
11 :05 4.3 
11 :1 0 3.9 
11 :1 5 3.5 
11 :20 2.7 
11 :25 1.9 
28-Mar-90 1 9:1 8 0.8 
22:08 0.4 
29-Mar-90 8:44 0.4 
9:40 0.8 






12:40 1. 9 
12:55 1. 2 
13:35 0.8 
15:42 0.4 
1 6:30 0.4 
16:50 0.4 
17:00 0.4 





1 8:40 0.4 
18:50 0.4 
19:00 0.8 
1 9:1 0 0.8 
19:20 0.4 
19:30 0.8 
1 9:40 0.6 
19:50 0.4 
